INTRODUCTION The aim of this study was to determine the incidence and patterns of cervical spine injury (CSI) associated with maxillofacial fractures at a UK trauma centre. METHODS A retrospective analysis was conducted of 714 maxillofacial fracture patients presenting to a single trauma centre between 2006 and 2012. RESULTS Of the 714 maxillofacial fracture patients, 2.2% had associated CSI including a fracture, cord contusion or disc herniation. In comparison, 1.0% of patients without maxillofacial trauma sustained a CSI (odds ratio: 2.2, p=0.01). The majority (88%) of CSI cases of were caused by a road traffic accident (RTA) with the remainder due to falls. While 8.8% of RTA related maxillofacial trauma patients sustained a CSI, only 2.0% of fall related patients did (p=0.03, not significant). Most (70%) of the CSIs occurred at C1/C2 or C6/C7 levels. Overall, 455, 220 and 39 patients suffered non-mandibular, isolated mandibular and mixed mandibular/non-mandibular fractures respectively. Their respective incidences of CSI were 1.5%, 1.8% and 12.8% (p=0.005, significant). Twelve patients with concomitant CSI had their maxillofacial fractures treated within twenty-four hours and all were treated within four days. CONCLUSIONS The presence of maxillofacial trauma mandates exclusion and prompt management of cervical spine injury, particularly in RTA and trauma cases involving combined facial fracture patterns. This approach will facilitate management of maxillofacial fractures within an optimum time period.
Maxillofacial fractures are accepted as injuries at high risk for concomitant cervical spine or spinal cord injury. 1, 2 The presence or absence of a cervical spine injury (CSI) has important implications in trauma patients, influencing airway management techniques, choice of diagnostic imaging studies, surgical approach and timing for repair of concomitant facial fractures. Most injuries of the cervical spine associated with facial fractures are attributed to forces transmitted directly or indirectly from the facial skeleton to the cervical bony and connective tissue structures. 3, 4 Those suffering high velocity injuries such as road traffic accidents (RTAs) are presumed to be at higher risk for cervical spine trauma than those sustaining lower velocity injuries as seen in falls and workplace accidents. [5] [6] [7] [8] The majority of cohort studies have reported wide variations in the incidence of CSI in maxillofacial trauma patients, ranging between 0% and 8%, in part owing to differences in the mechanism of injury, anatomical location of impact, location of trauma centre, and patient demographics including age and sex. [1] [2] [3] [4] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In specific subgroups of patients such as RTA fatalities, the incidence of CSI has been cited as high as 24%. 9 Trauma protocols including the Advanced Trauma Life Support ® manual stress the importance of the association between maxillofacial injury and CSI, and the catastrophic consequences that can ensue if the diagnosis is missed or its presence or absence ignored. 17 However, the incidence, frequency and type of cervical spine trauma in various facial fracture patterns have been poorly delineated. This is particularly the case when considering the trauma setting in the UK, where there is a paucity of studies on large volumes of patients (>1,000 patients).
This study represents the largest recent UK analysis to date. It was based on over 700 patients across a 7-year time period. The aim was to determine the incidence and patterns of CSI associated with maxillofacial fractures admitted at a UK tertiary referral trauma centre.
Methods
A retrospective analysis was performed of all patients presenting with trauma between 1 January 2006 and 31 December 2012 to Frenchay Hospital in Bristol. Frenchay Hospital is a tertiary referral trauma centre with a large volume of cases. All patients were divided into two cohorts: those with and without maxillofacial fractures. All patients in the former cohort presented to the maxillofacial surgery department at the same institution while patients in the latter cohort did not.
Data were collected from the departmental database and the hospital information technology coding service. Data collected common to both cohorts of trauma patients (with and without maxillofacial fractures) included demographics, spinal imaging modalities performed and the presence or absence of associated CSI. This enabled a comparative analysis of the incidence of CSI in trauma patients who had sustained maxillofacial fractures versus those who had not.
For the cohort of patients who had sustained maxillofacial trauma, more detailed data were collected. Patient charts were reviewed for mechanism of injury, type and location of maxillofacial fracture patterns, and presence and type of concomitant CSI. Furthermore, the available plain radiography including dynamic views, computed tomography (CT) and magnetic resonance imaging (MRI) were reviewed to determine the nature of the cervical spinal and maxillofacial injuries. Data were collated on airway management, diagnostic approach, and management of the CSI and the facial fractures for each of the patients.
Several reports have described an association between mandibular fractures and CSI, and these recommend routine cervical spine radiography in all patients with mandibular injuries. 3, [18] [19] [20] In order to assess whether this trend was replicated at our institution, maxillofacial fractures were divided into one of three anatomical groups: isolated mandibular fractures, non-mandibular fractures and mixed (mandibular and non-mandibular) fractures. For all patients with concomitant CSI, their associated maxillofacial fractures were further categorised into skull and upper third fractures, middle third fractures, lower third fractures and combined fractures. The skull fracture group included patients with fractures of the occipital and temporal bones and of the skull base. Fractures of the upper third of the facial skeleton were defined as those involving the supraorbital rim, orbital roof and frontal bone. Middle third facial fractures included maxillary, periorbital, nasal, nasoethmoid and zygomatic fractures. Both Le Fort I and II fractures were included in the middle third category while Le Fort III fractures were included in the combined facial category. 21 Lower third facial fractures were defined as mandibular and alveolar fractures along with temporomandibular joint injuries. Combined facial fractures included any combination of two or more facial fracture areas including the skull or upper third, middle third and lower third areas. CSI was characterised according to level of injury confirmed by radiography, and included fractures, dislocations and subluxations. Cord compression, cord contusion and disc herniation were also noted.
Statistical analysis
Differences in incidence of CSI between subgroups were assessed for significance using the chi-squared test. A p-value of <0.05 was considered statistically significant. This was adjusted for multiple comparisons (>2 subgroups), as appropriate, by Bonferroni correction. SPSS ® version 22.0 (IBM, Chicago, IL, US) was used for all statistical analysis.
Results
A total of 714 patients with maxillofacial fractures were identified in the 7-year study period. The mean patient age in this group was 44 years (range: 18-84 years) and there was a male-to-female ratio of 3:2. Over the same study period, there were 3,570 patients admitted with trauma who did not sustain any maxillofacial fractures. The mean age in this group was 46 years (range: 12-86 years) and the male-to-female ratio was 3:2.
Diagnostic approach to cervical spine injury
Among the 714 patients with maxillofacial trauma, 683 (96%) had CT and 31 (4%) had plain three-view (lateral, anteroposterior and odontoid peg) x-rays as first-line imaging. Following the initial CT, MRI was performed in 201 patients (28% of the overall cohort). In those who had initial x-rays, just over half (3% of the overall cohort) underwent CT as second-line imaging. The spinal imaging modalities undertaken and the order in which they were performed for all patients is shown in Table 1 .
Incidence of cervical spine injury
Of the 714 patients with facial fractures, 16 patients (14 men and 2 women, mean age: 49 years, range: 21-82 years) had concomitant CSI, equating to an overall incidence of 2.2%. In comparison, of the 3,570 patients admitted with trauma who did not sustain any maxillofacial fractures, 36 (1.0%) suffered CSI. This difference in incidence of CSI in patients with maxillofacial fractures versus those without was significant (odds ratio: 2.2, p=0.012).
Facial fracture management
All 16 patients with both maxillofacial and CSI had their maxillofacial fracture treated within 4 days of admission.
(Twelve were treated on the same day of admission.) In those patients treated with maxillofacial surgery, Philadelphia ® collars (Össur, Reykjavik, Iceland), halo braces, sand bags and tape were used for intraoperative head and neck immobilisation. There was no instance of increased neurological impairment as a result of surgical repair of the facial fractures.
Airway management in patients with cervical spine injury and facial fractures
Of the 16 patients with facial fractures and concomitant CSI, 3 were intubated at the scene and an additional 4 were intubated successfully on arrival at the hospital. One patient required an emergency cricothyroidotomy because of unsuccessful intubation and this was converted to a formal tracheostomy within 48 hours. An additional four patients underwent a tracheostomy during the trauma admission for various reasons (including expected prolonged intubation, pulmonary complications, oropharyngeal oedema, laryngotracheal injury and midfacial instability) or during operative fixation of both the upper and lower face. From the study group of 16, 12 patients (75%) required some form of airway control.
Cervical spine injury and aetiology of trauma
The incidence of CSI associated with maxillofacial fractures secondary to different aetiologies is shown in Figure  1 . The incidence of CSI in patients with a facial fracture secondary to a RTA was 8.8% compared with 2.0% for patients with a facial fracture secondary to a fall (chisquared test with Bonferroni correction, p=0.03, not significant). Of the 16 cases with concomitant CSI, 88% were due to a RTA while 12% were due to falls.
Cervical spine injury and facial fracture patterns
Overall, 455 patients suffered non-mandibular fractures, 220 had isolated mandibular fractures, and 39 had a mixed mandibular and non-mandibular fracture pattern, with corresponding incidences of CSI of 1.5%, 1.8% and 12.8% respectively (chi-squared test with Bonferroni correction, p=0.005, significant) (Fig 2) . Over half of the patients with concomitant CSI (9/16, 56%) had a combined maxillofacial fracture pattern.
Cervical spine injuries according to level of injury
The 16 patients with concomitant CSI had a total of 54 CSIs (Fig 3) . Bony fractures, cervical subluxations and dislocations accounted for 63% of the injuries whereas 37% were related to disc herniation and cord contusions. The most common areas of injury involved C1/C2 and C6/C7 levels, accounting for 24% and 46% of the injuries respectively. Therefore, 70% of all CSI occurred at the C1/C2 and C6/C7 levels. MF = maxillofacial; X-rays = three-view (lateral, anteroposterior, odontoid peg) radiography; CT = 2mm slice helical computed tomography; dynamic x-rays = passive flexion/extension lateral radiography
Discussion
This study represents the largest UK analysis to date looking at the incidence of CSI in patients with traumatic maxillofacial fractures. Our study specifically analysed all patients from a designated, urban trauma hospital. A low incidence of CSI associated with maxillofacial fractures was found (2.2%). This is consistent with the majority of studies in the literature, which report incidences ranging from 0% to 8%. 1-4,7-16,22-25 Additionally, in our study, trauma patients with maxillofacial fractures had a twofold higher incidence of concomitant CSI compared with trauma patients without maxillofacial injury. This finding has been replicated in several studies [23] [24] [25] [26] but not all. 13 Transmitted forces in the maxillofacial injured patient from the skull and facial skeleton to the cervical spine may explain our observed trend. Any patient with a maxillofacial injury should be suspected of having a CSI, mandating immobilisation and imaging of the cervical spine. Plain lateral, anteroposterior and odontoid radiography has a combined sensitivity of 90%, 27, 28 and will not detect all CSI. CT further improves sensitivity beyond 99%. 29 Historically, up until five years ago, initial plain radiography was performed. Following the implementation in 2008 of the British Orthopaedic Association Standards for Trauma guidelines in major trauma centres across the UK, 30 thin slice helical CT from the skull base to T1 has become the routine first-line imaging modality performed to assess CSI in trauma patients. This is the case in our institution. For blunt trauma patients clinically suspicious of CSI with normal initial plain radiography or CT, MRI is considered by some as the gold standard for clearing the cervical spine. 31 In our study, CSI cases were identified using a combination of plain films (all cases), CT (15 out of 16 cases) and MRI (1 case). Our hospital's policy is to exclude CSI using CT or MRI in all patients with maxillofacial fractures as a result of high energy impact or associated fractures in other areas of the body.
The presence of CSI may require treatment to be modified and can delay the surgical repair of maxillofacial fractures. This possibility may be minimised by prompt consultation with the neurosurgical service to optimise stabilisation of the CSI together with performing careful induction of anaesthesia using endoscopically guided endotracheal intubation and open reduction and internal fixation of facial fractures with avoidance of hyperextension or rotation of the head. These factors ensured that, in our study, 12 out of 16 patients had maxillofacial surgery on the same day of admission and all patients had surgery within 4 days of admission (ie within an optimum time period and without any treatment delay).
Cervical spine injury and aetiology of trauma
The vast majority (88%) of CSI cases were associated with a RTA. Furthermore, the incidence of CSI was fourfold higher for those patients who sustained a maxillofacial fracture due to a RTA (8.8%) than cases due to a fall (2.0%) although this difference was not statistically significant. The association of CSI with RTAs (as opposed to falls and other traumatic scenarios) most likely reflects the greater velocity and therefore force of impact to the face since force is the product of mass and acceleration. This mechanical force is transmitted from the facial skeleton to the cervical spine, causing spinal injury. 3, 4 In particular, when a seatbelt is not worn, the driver is subject to indirect cervical spine trauma as the head is easily hyperflexed or hyperextended by an impact with the windshield, steering wheel or other structures inside the vehicle.
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Cervical spine injury and facial fracture pattern
Our study revealed an incidence of CSI associated with a mixed (mandibular and non-mandibular) maxillofacial fracture pattern that was eight times higher than that associated with a non-mandibular or isolated mandibular fracture pattern. This significant trend is supported by a study from 2010 looking at over 1.3 million trauma patients from the US and Puerto Rico. 22 Furthermore, in our study, 56% of patients with CSI had a combined maxillofacial fracture pattern. These findings likely reflect the greater force of injury involved when two or more facial regions have been fractured as compared with one isolated facial region, which is in turn transmitted to the cervical spine.
Various authors have reported a correlation between mandibular fractures and CSI, with the incidence of concomitant CSI with mandibular fractures ranging from 1.07% 25 to 2.6%. 3 Our study's incidence of 1.8% (4/220) lies within this range. A patient in our study with a mandibular fracture and concomitant CSI is shown in Figure 4 .
Lalani and Bonanthaya described a CSI model in relation to the maxillofacial fracture site. 20 They suggest injuries to upper cervical spine segments are associated with lower third facial fractures, principally mandibular fractures, whereas injuries to the lower cervical spine segments are associated with middle third facial fractures. Our study lends some support to this model in that three of the four cases of CSI associated with isolated mandibular fractures occurred at C2 and the remaining case at C1. An example of a case of middle third facial fractures with concomitant lower segment CSI is shown in Figure 5 .
A high velocity impact is required to fracture the structures of the frontal and supraorbital ridges whereas weaker forces can fracture the skull. 32 This discrepancy may account for the higher frequency of CSI seen with isolated upper third versus other regional facial fractures. 10 With only 16 CSI patients in our study, we found no reliable correlation between facial fracture region and incidence or level of CSI.
Cervical spine injuries according to level of injury
CSI occurred principally at two levels, C1/C2 and C6/C7, accounting for 70% of all CSI. This finding is supported by Elahi et al,who showed that 67% of 124 CSIs associated with maxillofacial trauma occurred at the C1/C2 and C6/ C7 levels. 10 One biomechanical explanation is that the loose articular capsules of the C1/C2 joint, together with shallow facets of the atlas, produce the greatest degree of inherent instability in the cervical spine, allowing approximately half of all its flexion, extension and rotational movement. [33] [34] [35] The relatively greater degree of rotational movement permitted in the cervicothoracic junction at C6/ C7 may account for the higher frequency of injuries found at this level. 33 35 Our study also showed an increasing frequency of cervical disc herniation/cord contusion as one travels in a Figure 4 Computed tomography of a 68-year-old man involved in a road traffic accident with severe jaw and neck pain and no neurological deficit, showing a comminuted mandibular fracture (A) and concomitant C2 fracture (B) Figure 5 Computed tomography of a 54-year-old male unrestrained driver involved in a road traffic accident, with severe facial injuries, Glasgow coma scale score of 10 and quadriplegia with spinal shock. He suffered comminuted fractures of the medial and lateral walls of the right maxillary sinus with haematoma (arrows) (A). The nasal septum and medial wall of the left maxillary sinus were also fractured. He had concomitant bifacetal fracture dislocations at C6/C7 (B) and impingement of the spinal cord at C6/C7 (C). He underwent closed reduction and application of a halo vest for his cervical spine injury, and reduction and fixation of his maxillary fractures. He subsequently underwent anterior spinal fusion and discectomy.
cephalic to caudal direction (44% incidence at C6/C7 vs 8% at C1/C2). This difference may be due to accentuation of direct and indirect forces transmitted from the facial skeleton further down the spinal cord. 3 Another explanation asserts that the significant ligamentous anatomy of the C1/C2 region, compared with lower levels of the subaxial cervical spine, serves to protect the spinal cord from injury. [35] [36] [37] [38] A further biomechanical mechanism states that the smaller diameter of the cervical spinal canal at C6/C7 versus that at C1/C2 is associated with an increased risk of cord injury. 39, 40 It is not clear from the available literature on facial trauma what the true patterns of CSI are and why it occurs. This is partly due to the heterogeneity of previous cohort studies with regard to mechanism of injury, anatomical location of impact, location of trauma centre, imaging modalities used, and patient demographics including age and sex. The differences in these factors between studies have led to inconsistent observations of injury patterns. [1] [2] [3] [4] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] In our study at a single tertiary centre for trauma, we observed several trends in CSI as described above, for which we have provided biomechanical explanations.
Study limitations
This was a retrospective study prone to the biases associated with this methodology. We acknowledge that given the low incidence of CSI, our series of 714 patients with maxillofacial trauma represents a small volume of patients from which to analyse the association between the two entities -only 16 patients were found to have CSI. As a result, small subgroup sizes with very low frequencies of CSI may have introduced a type 2 statistical error. Furthermore, we recognise that numerous international series have analysed a number of patients that was 4-5 times the size of our group. Analysis of a larger cohort (>2,000 patients) would have strengthened our study.
Conclusions
Although our reported incidence of CSI associated with maxillofacial fractures is low, it has implications for mandatory exclusion and prompt management of CSI (particularly in the setting of RTAs) and maxillofacial trauma involving combined facial fracture patterns. Prompt referral to neurosurgeons will optimise treatment of CSI, thereby facilitating management of maxillofacial fractures within an optimum time period. The highest frequency of CSI was observed at the C1/C2 and C6/C7 levels, and there was increasing frequency of cervical cord contusion and disc herniation at progressively lower levels of the cervical spine.
